Abstract: Chemical treatment is an often-followed route to improve the physical and mechanical properties of natural fiber reinforced polymer matrix composites. In this study, the effect of chemical treatment on physical and mechanical properties of jute fiber reinforced polypropylene (PP) biocomposites with different fiber loading (5, 10, 15, and 20 wt%) were investigated. Before being manufactured jute fiber/PP composite, raw jute fiber was chemically treated with succinic anhydride for the chemical reaction with cellulose hydroxyl group of fiber and to increase adhesion and compatibility to the polymer matrix. Jute fiber/PP composites were fabricated using high voltage hot compression technique. Fourier Transform Infrared spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) tests were employed to evaluate the morphological properties of composite. Succinic anhydride underwent a chemical reaction with raw jute fiber which was confirmed through FTIR results. SEM micrographs of the fractured surface area were taken to study the fiber/matrix interface adhesion and compatibility. Reduced fiber agglomeration and improved interfacial bonding was observed under SEM in the case of treated jute fiber/PP composites. The mechanical properties of jute/PP composite in terms of Tensile strength and Young's modulus was found to be increased with fiber loading up to 15 wt% and decreased at 20 wt%. Conversely, flexural strength and flexural modulus increased with fiber loading up to 10 wt% and start decreasing at 15 wt%. The treated jute/PP composite samples had higher hardness (Rockwell) and lower water absorption value compared to that of the untreated ones.
Introduction
In the recent years, as the eco-awareness like recycling and reusing have been increased, and the focus on clean environment, green materials and technologies, has resulted researches to come out some new materials such as jute fiber reinforced polypropylene biocomposites [1] [2] [3] . Materials that having specified characteristics for specific purposes and at the same time poses characteristics of non-toxic and environmentally friendly are becoming more and more popular due to the factor that lack of resources and increasing environmental pollution [4, 5] .
Recently the use of natural fibers as reinforcement is increasingly replacing the conventional inorganic fibers in polymer matrix composites. Especially, natural fiber-reinforced thermoplastics have a good potential in the future as a substitute for wood-based material in many applications such as furniture, paper etc [6, 7] . The development of environmental friendly 'green materials' has become popular because of the natural fibers is biodegradability, light-weight, low cost, high specific strength compared to glass and carbon, recycling and renewing natural sources of plants, such as bats, seed, leaf, wood and fruits. Nowadays synthetic polymers are combined with various reinforcing natural fillers in order to improve the physicomechanical properties and obtain the characteristics demanded in definite applications [8, 9] . A remarkable research is moving towards using lignocellulosic fibers as reinforcing fillers [10] [11] [12] . Compared to synthetic fibers (i.e. talc, silica, glass fiber, carbon fiber, etc.), the lignocellulosic fibers (i.e. corn stalk rice husk, rice straw, jute, abaca, sawdust, wheat straw, and grass) are lightweight, biodegradable, easily available, renewable, and inexpensive, which are generally more competence than the others in terms of economically and practically [4, 13] . Moreover they are biodegradable and do not leave residues or result in byproducts that are toxic [14, 15] . Since the natural filler filled polymer composites have many advantages properties, the fabrication of polymer composite using natural filler have gained much attention in the recent years [16] .
Thermoplastic polymers could be found from renewable resources, which can be synthesized from petrobased chemicals or microbially synthesized in the laboratory [5] . Among the synthetic polymers, polypropylene (PP) is one of the most extensively used plastics both in developed and developing countries due to it provides additional advantages in terms of economy, ecological and technical requirements [17] . Compared to other different thermoplastics, polypropylene (PP) possesses very outstanding properties such as low density, good flex life, sterilizability, good surface hardness, and excellent abrasion resistance [18] . However, it has been established that PP and its matrix does not form strong bonds with cellulose fibers. Poor chemical and physical interfacial interactions (i.e. adhesion and compatibility) between the fiber surface and polymer are two of the most important mechanisms of bond failure. Therefore, the PP and raw fiber of the composite simply mixes together without making strong interaction between them. It can therefore be deduced that if bonding were to take place between the PP and the natural fibers, the physical and mechanical properties of composite may be further improved [19] . Chemical treatments with suitable chemical could be promising way to improve the adhesion and compatibility of natural fiber reinforced polymer composite [18] [19] [20] [21] .
In the present work, jute fiber was utilized as starting natural reinforcing material keeping in mind that they are produced in large scale in Indian Sub-Continent, especially Bangladesh and has a minimal effect on the environment because of their biodegradable properties [22, 23] . However, the major drawbacks of using jute fiber as reinforcing material is its hydrophilic nature, responsible for moisture absorption and consequent deformation of the product. Chemical treatment of jute fiber could be a promising new approach to improve its hydrophilic nature and the physicomechanical properties [24] [25] [26] . Many researchers have conducted chemical treatment on jute fiber to enhance the physical and mechanical properties of the jute fiber/polymer composites [5, 13, 17] . Some of the researches concentrate on the pretreatment of the raw material jute fiber while others are more interested to have a post-treatment on the manufactured composites [5, 7] . Both of the treatments are aimed to increase the compatibility of the jute fiber with the polypropylene (PP) matrix and also other mechanical properties. Of late, more efforts have been made to improve the physical and mechanical properties of jute/PP composite with alkali, coupling agent and other chemicals [27] [28] [29] . However, based on literature survey; very few research has been devoted to jute fiber/PP composite and its chemical treatment with succinic anhydride [5, 10, 13, 29] . Motivated by the previous research, the current investigation was carried out to determine the effect of chemical treatment with succinic anhydride on the properties of jute fiber/PP composites [5, 10, 12] . Therefore, the aim of the present research is to study the impact of chemical treatment on the physical, mechanical and morphological properties of jute fiber/PP composites. The effects of the fibers loading onto jute fiber/PP composites were also investigated in this study.
Experimental

Materials
The composite tested were made of polymer polypropylene (PP), used as matrix material, was supplied by the Titan Chemicals Corporation Ltd Malaysia in granule form and the reinforcing material jute fibers were collected from Bangladesh Jute Research Institute (BJRI), Dhaka, Bangladesh. The collected jute fibers were Tossa variety (CorchorusOlitorius). The middle part of the jute fibers were taken in this study and were chopped into lengths of approximately 3 mm. Polypropylene (PP), which was used as the polymer matrix, has a melt index of 0.28 g/10 min with a density of 0.938 g/cm 
Fiber Extraction Approach
The collected raw jute fiber was cleaned, sorted and washed by tap water to remove the dust and other unwanted. After that the jute fibers were went through air-dried for six hours under the direct sunlight. It was then oven-dried (air force convention) at 60 o C for 1 hour to minimize the moisture content. A typical raw jute fiber (Tossa type) (CorchorusOlitorius) is shown in Figure 1 .
Chemical Treatment of Jute Fibers
In order to increase the compatibility of the jute fiber with PP matrix, raw jute fiber was chemical treated with succinic anhydride. 20 g of succinic anhydride solution was mixed with 200 ml distilled water and the concentration of the solution was calculated as 0.06 M. The dried raw jute fibers were then immersed in succinic anhydride solution with fiber to liquor ratio was 1:2 (w/v) inside a beaker. The pH of the aqueous solutions was adjusted to 6 by adding more distilled water and monitored by using the pH indicator strip. 
Preparation of Biocomposites
The composites were fabricated using untreated (raw) and treated jute fibers. After drying the raw and treated jute fibers, both raw and treated jute fibers were chopped into an approximately length of 2 mm. In order to get uniform composites, these chopped jute fibers were then mixed thoroughly and homogeneously with polypropylene (PP) granules. The jute fibers and PP matrix were designed at different weight fractions. The design of mold fabrication and desire composite thickness were in according to the ASTM 638 and 790 standards [30, 31] . The composites were fabricated using a hot pressing machine. The mold was then being pressed using the manual hydraulic press until the pressure reached 1000 psi. Temperature set for both upper and lower heater was at 200 o C and the mold was being heated for 1 hour. The mold was left to cool in open air for about 3 hours without opening it to prevent any shrinkage happen during the extraction of the composite.
Morphological Analysis
Fourier Transform Infrared (FTIR) Spectroscopy The infrared spectra of the raw and treated jute fiber samples were recorded on a Shimadzu Fourier Transform Infrared Spectrometer (FTIR) 81001 spectrophotometer. The transmittance range of the scan was 4000 to 400 cm -1
. Samples were dried, ground, and mixed with potassium bromide (KBr) in a ratio of 1:100 and pressed with hydraulic pressure to form pellets. A KBr pellet was used as a reference. The obtained spectra are described in the Results and Discussion section.
Scanning Electron Microscopy (SEM)
The surface morphology of the manufactured composite was examined using a Scanning Electron Microscopy (JSM-5510) supplied by JEOL Company Limited, Japan. The tensile micrographs were taken to study the fracture mechanisms and interface adhesion of the composites. The samples were sputter-coated with platinum and observed under the SEM. The micrographs were taken at a magnification of 250x.
Tensile Test
The tensile tests were carried out in accordance with ASTM D 638-01using a Shimadzu Universal Testing Machine with a loading capacity of 300 kN [30] . Each test was performed at a crosshead speed of 10 mm/min. The dimension of the specimen was 148×10×4 mm.
Flexural Test
Flexural tests were conducted in accordance with ASTM D 790-00 using the same aforementioned testing machine at the same crosshead speed [31] . The dimension of the specimen was 79×10×4.1 mm. The modulus of elasticity (MOE) and flexural strength were calculated using the following equations, Flexural strength,
Flexural modulus,
where P is the maximum applied load, L is the length of support span, m is the slope of the tangent, and b and d are the width and thickness, respectively, of the specimen.
Water Absorption Test
Rectangular specimens were prepared from each of different fiber-matrix fraction composites having dimension of 39× 10×4.1 mm. The specimens were dried in an oven at 80 o C for 1 hour, after that left to cool in the open air and immediately weighted [5, 12] . The dried and weighted specimens were immersed in distilled water according to ASTM D 570-99 for 2 hours [32] . The specimens were periodically taken out of the water, wiped with tissue paper to remove water on the surface, reweighed, re-measured, and immediately put back into the water. Water absorption was calculated according to the given formula, Water absorption (%)
where W 2 is the specimen weight after soaking and W 1 is the specimen weight before soaking. Five test specimens were prepared in this test and the average was taken as the result.
Rockwell Hardness Test
The hardness of the specimens was measured using a Rockwell hardness testing machine according to ASTM D785-98 standard [33] .
Results and Discussion
Microstructural Analysis
Fourier Transform Infrared Spectrometry (FTIR) In order to improve the adhesion and compatibility of jute fiber to the PP matrix, raw fibers were chemically treated with succinic anhydride. Reaction between succinic anhydride and cellulose in jute fibers was confirmed by FTIR spectrum analysis of the raw and treated jute fiber as shown in Figure  2 (I) and 2(II). The FTIR spectrum of the raw fiber clearly shows the absorption band in the region of 3435 cm -1 , 1733 cm -1 and 2901 cm -1 due to O-H stretching vibration, C=O stretching vibration and C-H stretching vibration respectively. These absorption bands are due to the hydroxyl group in cellulose, carbonyl group of acetyl ester in
hemicellulose and carbonyl aldehyde in lignin [34] [35] [36] . On the other hand, the characteristic peak at 1733 cm -1 and other peaks i.e. 1428 cm -1 and 1248 cm -1 were completely disappeared upon chemical treatment with succinic anhydride (Figure  2(II) ). This observation indicates that succinic anhydride successfully interacted with jute fiber and removed some surface impurities/waxy substances from the fibers surfaces which led to improve the adhesion and compatibility of jute fiber to the PP matrix [37, 38] . It can also be seen from the Figure 2 (II), the absorption band of O-H and C-H group shifted towards higher wave numbers with narrow band intensity, which gave further evidence of the reaction between jute fiber and succinic anhydride. All these, as stated above, confirmed the suggested chemical reaction as mentioned in Figure 3 .
Scanning Electron Microscope (SEM)
The typical SEM micrographs of the tensile fracture surface of raw and treated jute fiber/PP composites at 20 wt% fiber loadings are shown in Figure 4 (a) and 4(b). The SEM image of raw jute fiber/PP composite shows number of pullout traces of fiber with rough surfaces and micro-voids as well as agglomeration of the fiber in the PP matrix (Figure 4(a) ) [17, 39] . In addition, the matrix and fiber are clearly distinguishable in the raw fiber composite compared to the treated one. This feature indicated that there was poor dispersion and weak interfacial bonding between the matrix and the fiber, which confirmed that the interfacial bonding between the filler and the matrix polymer was poor and weak. In contrast, the SEM image for the treated jute/PP composite shows a better dispersion of filler throughout the matrix (Figure 4(b) ). This resulted in better interfacial bonding between the fiber and the matrix, as is reflected in the FTIR results. The strong interfacial bonding between the fiber and PP matrix is due to the chemical surface modification of raw jute fiber with the succinic anhydride [19, 20] . Therefore, it can be deduced from the SEM micrographs that the chemical treatment enhanced the phase compatibility and adhesion between the fiber and the PP matrix, which significantly increased the surface morphology of the composite. The better morphological property of treated jute fiber/PP composite is also reflected in the improvement of mechanical properties of the composites.
Tensile Properties
The tensile strength of raw and treated jute fiber/PP composites at different fiber loading is shown in Figure 5 . It is clear from the figure that values of tensile strengths of raw jute fiber/PP composites were increased with an increase in filler content up to 10 % and decreased at 15 %. In contrast, significant improvement in tensile strengths is found for treated jute fiber/PP composites up to 15 % filler content. The decreasing trend of raw composites may be due the weak interfacial area between the filler and matrix which increases with an increases of filler content to the composite [5, 17] . Hydrophilic nature of jute fibers were significantly reduced by the succinic anhydride treatment. As a result, interfacial adhesion between the filler and matrix has improved. This in turn improved the tensile strengths of treated jute fiber composites. Significant improvement in tensile strengths is found for treated composites compared to raw composites. It is noted that the tensile strength values of the treated composites increased by approximately 6-29 % over the raw composites. This result indicates that the chemical treatment improved the adhesion and compatibility between jute fibers and PP composite resultant composites significantly increased the value of tensile strength. Furthermore, the tensile strength of treated jute fiber/PP composites at 15 % loading exhibited higher improvement compared to raw one (i.e. treated composite-7.88 MPa and raw composite-6.1 MPa). This result indicates that fiber treatment able to improve the fibermatrix interfacial adhesion, leading to better stress transfer efficiency from the matrix to the fiber and consequently improved mechanical properties [40] . It is noted that the tensile strength for jute fiber/PP composites found in the present work is 4.82-7.88 MPa, which is lower than the tensile strength found in previous research by the same fiber and polymer matrix [17, 28] . The reasons of this may be due to the use of different composite fabrication technique (single screw extruder machine), modifier and compatibilizer in the previous research. Figure 6 shows the Young's modulus of the composites of raw and treated jute fiber at different filler loading. It is expected that the addition of fiber increases the modulus of the composites that results from the inclusion of rigid filler particles into the thermoplastics [34] . This inspection suggests that the incorporation of rigid filler into the PP matrix increases the stiffness of the composite. The chemically treated jute fiber/PP composites are found to show higher modulus compared to those of the untreated ones. This indicates that homogeneous dispersion of jute particles and better fillermatrix interaction has occurred upon treatment of jute fiber. During tensile loading, partially separated micro spaces are created, which obstructs stress propagation between the fiber and matrix [5, 34] . As the fiber loading increases, the degree of obstruction increases, which consequently increase the stiffness. However, the treated jute fiber/PP composites are found to show higher modulus compared to raw composites over the filler content.
The previous researcher has been reported that crystallites possess higher modulus compared to amorphous substances. The surface crystallization of jute fiber probably dominates over its bulk nature upon chemical treatment with succinic anhydride. In addition, incorporation of fiber into the PP matrix reduces the matrix mobility. As a result, the modulus of the composites upon treatment with succinic anhydride has increased with an increase in filler content. However, the values of Young's modulus of jute fiber/PP composites for the present work is lower compared to the previous work [5, 9, 14] . The distinction in Young'smodulus values could be explained by the same reason (i.e. different contributing factor) as stated earlier.
Flexural Properties
The flexural strength and modulus of the raw and treated jute fiber/PP composites at different filler loading are shown in Figure 7 and 8, respectively. The incorporation of raw and treated jute fibers into PP matrix has significantly increased the flexural strength and modulus of composites. The similar results was also investigated by the other researchers [5, 19, 34] . From Figure 7 , it is observed that the flexural strength of raw composite was increased with an increase in filler loading up to 10 % by weight, and then started decreasing from 15 % fiber loading. However, the flexural strength of treated composites was observed higher compared to raw ones over the filler loading levels. This result may due to higher dispersion of the treated fiber in the PP matrix. It was found that the flexural strength of the treated composites increased by approximately 5-17 % over the raw composites. For 10 % filler loading, the flexural strength of raw and treated composite were 60.66 MPa and 67.72 MPa respectively. This could be attributed to better interfacial interaction between treated jute and PP matrix. Figure 8 shows the variation of flexural modulus against jute fiber loading. It is observed that the initial flexural modulus has also significantly increased with the increases of fiber having 5 % to 10 % by weight fiber loading. It has been reported that jute had a high modulus value, therefore higher fiber concentration demands higher stress for the same deformation thus increased fiber-matrix adhesion which provides better stress transfer between them [5, 34] . However, the flexural modulus of treated jute fiber/PP composites is found to be higher than the raw composites [42] . This may be due to the chemical treatment of jute fiber which dispersed uniformly in the PP matrix, resulting composite provided better compatibility between fiber and polymer. For the current research, the values of the flexural strength and modulus was 44.5-46.2 MPa and 1.8-3.4 GPa, respectively, which is slightly lower compared to those reported in the previous research (33-67 MPa and 2.6-6.6 GPa, respectively) [5, 9, 34] . The reason for this variation in flexural strength and modulus values could be explained as earlier.
It is also observed that the overall mechanical properties of composites were slightly lower compared to previous studies [5, 12, 17] . This is due the use of hot pressing method during composites preparation. This observation revealed that hot pressing technique is less effective compared to single screw extruder technique [43] .
Hardness
Hardness of a particular sample refers to its stiffness or resistance of being broken to have its shape changed permanently when load is applied to it. It is an indication of the composite to resist crack propagation when subjected to a sudden impact on it. For composite materials it depends on the distribution of filler into the matrix [19] . Rockwell hardness results of raw and treated jute fiber/PP composites are presented in Figure 9 . It can be shown from Figure 9 , the average hardness values (Rockwell) of both composites increased with an increases fiber loading. This is due to the decrease of flexibility and increase of stiffness of the respective composites [18, 27, 29] . It is also apparent that treated jute fiber/PP composites had higher Rockwell hardness values compared to raw fiber/PP composite. This could be due to better fiber-matrix dispersion and interaction which minimized the voids and enhanced the interfacial adhesion between the matrix and the filler.
Water Absorption
The results of water absorption of the raw and treated jute fiber/PP composites against the fiber loading in water immersion are presented in Figure 10 . The result shows that the water absorption (%) of both composites was increased with increases in filler loading [34] [35] [36] . Water uptake takes place mainly by hemicelluloses, noncrystalline cellulose, accessible cellulose, starch, lignin and surface of cellulose contents [44] . In jute fiber cell, cellulose contains hydroxyl groups. Therefore, this result is expected because the hydroxyl group of jute fiber is responsible for the water absorption characteristics. The number of hydroxyl groups in the composites will be increased with the increases of fiber loading, which in turn increases the amount of water absorption. From the Figure 10 , it can be clearly seen that the treated jute fiber/PP composites exhibited lower water content compared to the raw composites. This result is expected because the number of hydroxyl group in the cellulose of jute has considerably reduced upon chemical treatment with succinic anhydride, which significantly reduced the water absorption of the composites. Other than that, as a result of better interfacial bonding and strong interaction between the treated jute and PP matrix, microvoids in the composites have greatly minimized, resulting lower water uptake ability of the composites. The similar result is also reflected in the SEM result.
Conclusion
The following conclusions can be drawn from the present study: 1. The physical and mechanical properties of jute fiber/PP biocomposites were considerably increased by the chemical treatment with succinic anhydride. 2. The morphological properties of treated composites were seems to be significantly changed which was confirmed by the FTIR and SEM analysis. Moreover, FTIR results confirmed the chemical reaction between succinic anhydride and cellulose unit in jute fibers. 3. Treated jute fiber/PP composites shown better mechanical properties compared to the raw composites. SEM suggested the idea that the improvement in interfacial bonding was most likely responsible for the improved. 4. The Young's modulus, flexural strength, flexural modulus, and hardness properties of both raw and treated jute fiber/ PP composites are found to increase with an increase in filler loading up to 10-15 %wt and decrease at higher loadings. The values of properties are found to be higher for treated composites than those of the untreated ones. 5. Water absorption (%) increased with filler loading; however, treated composites showed lower water uptake capacity compared to raw composites ones. 6. The current results and findings of this work provide evidence that interaction between the filler and the matrix has become more favorable upon chemical treatment of jute fiber. This is, nonetheless, only acceptable at the research level, and so far is less suitable for commercial exploitation.
